Neoplastic mast cells of the mouse not only synthesize histamine and 5-hydroxytryptamine (5-HT)"
in air, the cells were collected by centrifugation and washed three times with ice-cold 0.9 per cent NaCl. The washed and packed cells were extracted once with 1.5 ml. of 1.0 N HCI. Early experiments showed that one or two additional extractions with 1.0 N HC1 removed only insignificant amounts of radioactive material; extraction with 80 per cent acetone instead of HCI gave no higher yields of radioactivity, and successive extraction with acetone and HC1, in either order, did not extract additional amounts of radioactive material. Radioactivity was measured in a liquid scintillation spectrometer. Uptake varied with each experiment but always exceeded 2,000 cpm. In each instance the substance being studied was tested for its effect on the uptake of all four labeled compounds at the same time. Each experiment was run at least twice in triplicate; variation between experiments did not exceed eight per cent and triplicates did not differ by more than five per cent.
RESULTS AND DISCUSSION
The results (Table 1) show that metabolic inhibitors depress uptake of all four compounds, that some substances inhibit uptake of the amines without influencing uptake of the amino acids, and that the uptake of histamine and 5-HT can be selectively inhibited. It is risky to make inferences about metabolic mechanisms from observations of the effects of metabolic inhibitors, especially on a process in the whole cell where it is possible that the inhibitors are reacting with cell components other than those to which their effects are usually attributed. At most the effects of the inhibitors may suggest tentative mechanisms. Uptake of both the amines and the amino acids was practically abolished by withdrawing both oxygen and glucose, but withdrawal of only glucose affected uptake of amino acids more than of amines. This observation suggests that glucose metabolism is necessary for uptake of the amines and the amino acids, especially the latter. Pfloridzin, insulin, and deoxyglucose were ineffective. Arsenite similarly showed a greater effect on amino acid uptake, but the nonspecificity of this inhibitor precludes any inferences about the specific enzymes being inhibited. Arsenite reacts with thiol groups, and in the concentrations used here can uncouple oxidative phosphorylation. The other thiol-reacting substances-iodoacetate, p-chloromercuribenzoate, N-ethylmaleimide, cystamine, and formamidine disulfide-inhibited uptake of amino acids and amines to an equal extent; similar results were obtained with dinitrophenol and bishydroxycoumarin, both of which uncouple oxidative-phosphorylation. Fluoride also inhibited uptake of all four compounds. These results are in accord with the idea that energy is necessary to support uptake of all four compounds and that thiol groups and the magnesium ion function either directly in the uptake or in the enzymes providing the energy for the uptake. Formation of ATP may be necessary for uptake of both amino acids and amines, but the system utilizing the ATP may not be the same: the sensitivity to ouabain of uptake of amines, especially of 5-HT, did not obtain with the amino acids and may suggest that the ATPase system8 functions in the uptake of the amines, especially 5-HT. Ouabain was the only steroid that showed activity in these experiments, but, interestingly, diethylstilbesterol inhibited uptake of all four compounds equally.
Many compounds inhibited uptake of amines without influencing uptake of the amino acids. Like ouabain, bulbocapnine inhibited uptake of 5-HT more than of histamine. Other compounds inhibited uptake of histamine more than that of 5-HT: tyramine, dopamine, norepinephrine, guanethidine, bretylium, morphine, mescaline, and LSD-25 (i.e., lysergic acid diethylamide). Showing equal effects on uptake of histamine and 5-HT were cytidine, uridine and benzyl-antiserotonin (i.e., 1-benzyl-2-methryl-3-(2-aminoethyl)-5-methoxyndole, an antagonist of 5-HT).9 Day and Stockbridge7 obtained similar results with norepinephrine, guanethidine, and LSD-25. The effect of LSD-25, an antogonist of 5-HT,' and the effect of bulbocapnine, which inhibits histamine oxidation,'0 are in accord with the observation of Day and Stockbridge' who noted that antihistamines were more potent in inhibiting uptake of 5-HT than of histamine, and, conversely, that antagonists of 5-HT were more potent in inhibiting histamine uptake. The ability to inhibit selectively the uptake of one amine implies either different mechanisms of uptake for the two amines or that the intracellular binding sites" for the amines can be selectively blocked and are hence different.
Uptake of amines and amino acids | GREEN It is paradoxical that an active process for histamine uptake is suggested by the effects of deprivation of oxygen and of glucose, by the effects of metabolic inhibitors, and by early kinetic studies.8 However, more recent kinetic studies7 suggest that histamine, unlike 5-HT, is taken up solely by diffusion. These differences may rest either on temporal fluctuations in the metabolic characteristics of the cells or on variants emerging from the cell population. Temporal fluctuations have been shown in these cells, grown in culture and in vivo, manifest in fluctuating concentrations of 5-HT and histamine.2 Other differences found in the metabolic characteristics of these cells may more likely rest on genetic variants of the original tumor. Attempts to demonstrate monoamine oxidase activity in these cells with a variety of methods were unsuccessful,2'3 but this activity has recently been described in a variant of this tumor.2 Hydroxylation of tryptophan was clearly shown to be the rate-limiting step in the formation of 5-HT from tryptophan: the activity of 5-HTP decarboxylase was so high that 5-HTP could only rarely be demonstrated in this laboratory by Schindler' and Day and Green ;2 yet in another laboratory,' decarboxylation of 5-HTP was observed to be the rate-limiting reaction. Hydroxylation of phenylalanine and tyrosine by these cells could not be demonstrated in this laboratory,2 but has been shown recently in another laboratory.1' These differences present problems, but nevertheless, the neoplastic mast cell, capable of both taking up preformed amines and of synthesizing amines from precursor amino acids, presents an uncommon tool for studying the synthesis, uptake, and binding of amines.
